This study was designed to examine the chemical compositions of essential oils from Beilschmiedia glabra and their antioxidant, antimicrobial, antityrosinase, acetylcholinesterase and anti-inflammatory activities. In total, 47 components were identified in the essential oils, which made up 86.8% and 89.7% of the leaf and bark oils, respectively. The leaf oil is composed mainly of β-eudesmol (15.4%), β-selinene (12.2%), caryophyllene oxide (8.1%) and γ-gurjunene (5.2%), while the bark oil contains high percentages of β-eudesmol (19.3%), β-selinene (16.9%), δ-cadinene (15.8%), germacrene D (9.8%) and β-caryophyllene (5.5%). Antioxidant activity showed that the leaf oil has the highest phenolic content at 233.4 mg GA/g, while the bark oil showed potent activity in the βcarotene/linoleic acid bleaching assay. However, both oils showed weak activity in the DPPH and ABTS assays. For antimicrobial activity, the leaf and bark oils displayed strong activity against Candida glabrata and Saccharomyces cerevisiae with MIC values of 31.3 and 62.5 µg/mL, respectively. Percentage inhibitions against tyrosinase (leaf 73.7%; bark 76.0%) and acetylcholinesterase (leaf 48.1%; bark 45.2%) were tested at a concentration of 1 mg/mL, while anti-inflammatory activity (leaf 59.7%; bark 48.9%) was evaluated at a concentration of 100 µM. Evaluation of these assays indicated moderate levels of activity.
The genus Beilschmiedia comprises about 200 plant species widely distributed in the world's inter-tropical region and is known as medang. Most of the species grow in tropical climates, but a few of them are native to temperate regions. They are widespread in tropical Asia, Africa, Australia, Central America and South America [1] [2] . The chemical compositions of essential oils from several species of Beilschmiedia were previously described [3] [4] [5] [6] [7] [8] . As a continuation of our systematic studies of the pharmacologically active volatiles of Malaysian plants we describe in this paper studies of the chemical composition of the essential oils from the leaf and bark oils of B. glabra together with their antioxidant, antimicrobial, acetylcholinesterase, anti-tyrosinase and anti-inflammatory activities. As far as our literature survey could ascertain, this study is the first report on the biological activities of this species.
Hydrodistillation of the fresh samples of leaf and bark of B. glabra yielded 0.38 g (0.13%) and 0.12 g (0.04%) of essential oils, respectively. The list of chemical components identified in the oils is shown in Table 1 . The GC and GC-MS analysis of the essential oils revealed the presence of 47 components, of which 45 were identified in the leaf oil (86.8%) and 16 in the bark oil (89.7%). Both oils were characterized by the presence of high concentrations of sesquiterpene hydrocarbons (53.1-66.4%), followed by oxygenated sesquiterpenes (23.3-29.8%). The most abundant components of the leaf oil were β-eudesmol (15.4%), β-selinene (12.2%) and caryophyllene oxide (8.1%). In addition, the bark oil was characterized by its richness in β-eudesmol (19.3%), β-selinene (16.9%) and δ-cadinene (15.8%). The other components present in appreciable amounts were β-caryophyllene (5.5%), valencene (4.1%), germacrene B (3.8%) and α-copaene (3.8%). β-Eudesmol, found in Atractylodes lancea rhizome, has a desensitizing channel blocking action to nicotinic acetylcholine receptors, anti-angiogenic action in vascular endothelium and neuronal differentiation actions. These multiple pharmacological actions are favorable for treating angiogenic diseases, including the complications of diabetes, namely retinopathy, nephropathy and cancer [9] .
The essential oils were screened for their possible antioxidant activity by using β-carotene/linoleic acid, DPPH radical scavenging, ABTS radical scavenging and total phenolic contents. The results of the antioxidant activity are shown in Table 2 . DPPH radical scavenging activity of the essential oils was expressed as IC 50 values, which are the concentrations of analytes required for the conversion of half of the DPPH radicals to their more stable molecular counterparts, 2,2-diphenyl-1-picrylhydrazines. Both oils exhibited weak activity for DPPH and ABTS radical scavenging activity compared with the standard antioxidant, BHT. The highest results were given by the leaf oil which displayed IC 50 values of 104.9 and 228.6 µg/mL in DPPH and ABTS, respectively. The scavenging of the ABTS radical by the oils was found to be much higher than that of the DPPH radical. Factors including radical stereoselectivity or sample solubility in different testing systems have been reported to affect the capacity of essential oils to react and quench different radicals [10] . In the β-carotene/linoleic acid assay, the effectiveness of the leaf (56.2%) and bark (77.6%) oils was compared with that of BHT (125.5%), but the inhibition values observed were significantly lower than that of BHT. The βcarotene/linoleic acid test is usually used for the estimation of the antioxidant potential ability to delay lipid peroxidation by reacting with the chain propagating peroxyl radicals faster than the reaction of these radicals with proteins or fatty acid side chains [11] . For total phenolic content, the highest value of 233.4 mg GA/g of the leaf oil could be attributed to monoterpenoids and sesquiterpenoids. The antioxidant activity observed for the essential oils could be explained partially by the major components recorded in these oils. Both minor and major compounds could have a significant contribution to the oils' activity [12] . The in vitro antimicrobial activity of the essential oil of B. glabra against six bacterial and three fungal species was evaluated by disc diffusion and minimum inhibitory concentration (MIC) using the broth dilution method. Table 3 shows the antimicrobial activity of the essential oil. The leaf oil showed strong activities against the fungal strains, but moderate activity against the bacterial strains. The inhibition zones and MIC values forthe microbial strains that are sensitive to the essential oils were in the range 7.5-12.6 mm and 31.3-500 μg/mL, respectively. The leaf oil showed a strong effect towards Candida glabrata (MIC value of 31.3 μg/mL) and Saccharomyces cerevisiae, while the bark oil exhibited MIC values of 62.5 μg/mL against the same strains. In addition, both oils also displayed moderate activity against all Gram-positive bacteria (Bacillus subtilis, Staphylococcus aureus and Enterococcus faecalis) with MIC values of 125 μg/mL. The major components of the essential oils such as β-eudesmol, δ-cadinene, caryophyllene oxide and β-caryophyllene have been reported to have antibacterial and antifungal activities and therefore, they could be responsible for the observed results from these essential oils [13] [14] . The results showed that the Gram-positive strains were more sensitive. This was in accordance with several other reports where essential oils were shown to be more active towards Gram-positive than Gramnegative bacteria [15] .
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The tyrosinase and acetylcholinesterase inhibitory activities and anti-inflammatory activities of the essential oils were assessed by measurement of the mushroom tyrosinase enzyme, AChE enzymes and lipoxygenase assay, respectively. The results are shown in Table 4 . The oxidation of L-dopa catalysed by mushroom tyrosinase was inhibited by the essential oils in a dose-dependent manner. The enzyme activity was not suppressed, but rather rapidly decreased. Tyrosinase inhibition activity of the leaf and bark oils was significant, producing 73.7% and 76.0% inhibition, respectively, yet the values were lower than the positive control, kojic acid (94.8%). AChE plays an important role in the central nervous system. It is one of the fastest known enzymes and catalyses the cleavage of acetylcholine in the synaptic cleft after depolarisation. Inhibitors of AChE, such as galanthamine, are used frequently in the pharmacotherapy of Alzheimer disease [16] . In the acetylcholinesterase inhibition assay, the leaf and bark oils exhibited moderate activity against Electrophorus electricus AChE enzyme with percentage inhibition values of 48.1% and 45.2%, respectively at the concentration of 1 mg/mL. In previous studies, evaluation of many common essentialoil components (γ-terpinene, carvone, trans-anethole, camphene, borneol, farnesol, nerol, 1,8-cineole, linalool, α-pinene, β-pinene, eugenol) had shown
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Anti-inflammatory activity was evaluated by using the lipoxygenase assay according to the standard protocol. The leaf and bark oils showed moderate activtiy with inhibtions of 59.7% and 48.9%, respectivelyat the concentration of 100 µM. This inhibition activity may be attributed to the presence of β-caryophyllene, limonene and caryophyllene oxide, which are known as 5-LOX inhibitors. Generally, inflammation involves the formation of both prostaglandins and leukotrienes as mediators followed by the liberation of neutrophils and the production of the reactive oxygen species [18] .
